The Transfer-to-Excellence Research Experience for Undergraduates program (TTE REU) offers cutting edge research projects to community college students, hosted by the University of California. The overall goal of the TTE REU program is to increase the number of community college students transferring to a 4 year school to earn a bachelors in science and engineering. TTE REU has been operating since 2011 and has hosted 66 community college students. Each TTE participant is placed in a faculty member's lab and mentored closely by a graduate student for their nine-week internship. This paper will focus on the impact this program has had on the participants through a follow up study with the students hosted in 2012, 2013, and 2014. All TTE REU participants were surveyed and asked to evaluate how the program has impacted them in the short term. TTE REU participants were asked how well the program prepared them to apply to transfer, how prepared they were to succeed at a 4 year school, and what their career and educational goals were following the program. The participants were then surveyed several years later to evaluate how the program impacted them in the long term. Participants were asked how many had transferred to a four year program, completed a four year program, how many were continuing on into graduate school, and if the TTE REU program influenced this decision. Our study examined the short and long term impacts of the TTE REU program across the three cohort years (2012, 2013, 2014). Our study revealed that positive short term impacts did not translate to immediate long term outcomes.
Introduction
The United States is facing a severe deficit of scientists and engineers in the upcoming decades. This is because students attracted these majors are primarily male and come from non-Hispanic white or Asian populations. The need for appealing to and retaining students coming from non-traditional backgrounds has intensified given the shifts in the U.S. population demographics. Nationally, students enrolled in science and engineering bachelor programs in 2013 comprised of, approximately 19% women, 5% African American/Black, and 11% Hispanic.
1 Currently the US population is 17% Hispanic and 14% African American/Black, but projections show that both of these populations will grow by 2060, expecting to be approximately 29% Hispanic and 18% African American/Black. 2 The United States future engineering and technology needs will need a more diverse pool of students to major in science and engineering.
As a way to address this problem, a push has recently been made to recruit students from community colleges to transfer into a 4-year school, majoring in STEM. Community colleges have a more diverse population to pull from, with 56% women, 14% African American/Black and 16-22% Hispanic.
1,3 Nationally, the transfer rate after attending 4-6 years of community college, students transfer to a bachelor program is between 25-39% and efforts are needed in order to increase this transfer rate.
they would have an opportunity to build their confidence and knowledge in science and engineering with the goal that this intervention would lead to more students transferring to a bachelor program. As discussed by S. Artis 4 , TTE REU brings students from community colleges around the state of California to the University of California, Berkeley to complete a 9 week summer research internship. The first week of the internship has the students going through a "laboratory bootcamp" where the students learn lab safety, ethics, tour labs around campus, speak with graduate students and postdocs from different science and engineering disciplines, and learn different laboratory sampling techniques. In the remaining 8 weeks, students are given a research project in a faculty lab under the supervision of a graduate student or postdoc mentor. Throughout the summer, students are engaged in weekly seminars about transferring, science communication, engineering, or research. Students also have the opportunity to speak with people from different engineering and science majors so that they can have a better idea of what different majors have to offer after graduation. At the end of the summer, students present their research in a presentation, poster, and research paper. 4 This study sought to examine the short term impacts of the program on students' preparedness to transfer to a four year institution and long term impacts of the program on students educational and career goals.
Methodology
Short term program impacts were examined by administering an online pre survey to participants two weeks before they enrolled in the TTE REU summer program and an online post survey that was administered to participants in the final week of the TTE REU program. Long term program impacts were examined by administering an online longitudinal survey to participants one year following their exit from the program and each year after that for up to five years following their program participation.
Instrumentation. The pre/post survey asked participants questions about their knowledge on how to apply to a four year institution and knowledge about four year admissions policies and criteria. Other questions asked about participants' perceived preparation for success in a four year institution. Short term impact on career goals was also gauged by a series of questions that asked participants about interest in attaining an engineering degree, interest specifically in a degree in energy efficient electronics, and whether they were interested in attaining a graduate degree. A set of questions asked participants to rate their research skills and engineering content knowledge in comparison to their peers. The longitudinal survey asked participants what their current status was with regard to their education (i.e., enrolled in a four year degree program, completed a bachelor's degree, working full time, enrolled in graduate school) and what they felt they perceived to be the long term impacts of participation in the TTE REU program.
Sample. The cohort years used for this study included 2012, 2013, and 2014 for a total of 43 participants. The demographics of these students can be found in Table 1 .
Gender
Racial Breakdown First Generation 36% Women 40% Underrepresented Minority 67% First Gen 
Results
Results indicate a number of positive short term impacts on the TTE REU participants. While there were positive long term impacts with regard to student transfer to four year institutions, degree completion rates and enrollment in graduate school programs did not align with anticipated program outcomes.
Short Term Impacts. In terms of short term impacts TTE REU participants indicated multiple gains from participation in the summer experience. Students felt more prepared to apply to and succeed in a four year institution. They also reported that they felt the summer program helped them gain a better understanding of admissions policies and processes. Students' career interests changed with participants reporting that they were significantly less likely pursue a degree specifically in energy efficient electronic science; however participants maintained their interest in pursuing an engineering degree. Participants also reported a sustained interest in pursuing a graduate degree in engineering. In particular the research self-efficacy of these students increased significantly over the course of the summer. Additional short term positive impacts were seen with regard to increased confidence and knowledge about the research process. These are two areas where interns made significant, substantial self-reported gains. Ability to conduct research in terms of understanding the process of research and how to find information that is unknown were skills interns felt they gained. They also indicated that they developed additional communication skills such as presentation skills and the ability to write technical papers. Long Term Impacts. With regard to long-term impact our analysis of the longitudinal survey reveals that among the 2012, 2013, and 2014 cohort participants in the TTE REU 93% of the participants go on to transfer to a 4 year school. Of the students that have transferred to a 4 year school, 46% are still currently enrolled in their bachelor's degree program, 32% have graduated, and the remaining 22% are unknown. Though the students transfer in as junior level students and should take 4 semesters to complete their degree, our data suggest that most of the transfer students are taking longer to graduate. 50% of the students are still enrolled after completing 4 semesters instead of graduating.
Comparison of Short Term Education and Career Impacts Among TTE REU Students (N=43)

Comparison of Short Term Impacts on Research Self Efficacy Among TTE REU Students (N=43)
Comparison of Short Term Impacts on Research Skills Among TTE REU Students (N=43)
Discussion
Our study identified some key strengths with regard to short-term impacts. Over the 8 week summer experience program participants reported increased knowledge about how to transfer to a four year institution. They also reported an increase in confidence with regard to their ability to succeed at a four year institution and increased interest in securing an engineering degree. When looking at key skills that undergraduates students might need to succeed at a four year institution, especially a research intensive university, the survey also showed significant positive short term impacts. The TTE REU participants exited the program feeling more confident in their research skills such as conducting a literature review, public speaking skills for research presentation purposes, writing a research paper, and managing a research project. Interestingly, the long term impacts of the program did not map immediately to the positive short term gains. While 93% of the TTE REU participants transfer to a four year degree, only 32% have graduated and 50% are still enrolled after completing four or more semesters of course work at a four year institution.
While we expected the long term gains of the program to be more positive, the lack of degree earners may likely be caused by several things. First, these students are getting degrees in science and engineering, where students are encouraged to spread out their technical courses as much as possible so as to be able to concentrate on earning higher grades. Second, while students have taken many courses in their community colleges, it happens frequently that the students have to retake lower level courses upon transferring. This is usually because the courses taken at community college are non-transferrable, or are lacking in one or two areas that are taught during the 4-year school's course. Finally, many students have stated that they want to spend as much time at a 4-year school as possible in order to take advantage of the many opportunities available, including research, internships, etc.
Though the students are taking longer than the 4-semester minimum, it should be noted that they have retention rates similar to what previous studies have shown. Even if it is assumed that all 22% of the students whose status is unknown are dropping out from their bachelor's degree programs, that still leaves at 78% retention rate. Previous studies have shown retention rates between 64% and 84%, and the TTE REU program is at the mid to higher end of this range. 5 Another area where there was a discrepancy between short and long term impact was the graduate degree aspirations. In terms of short term impacts, post survey data showed that 78% of students had a graduate degree as their degree aspiration. However, longitudinal data shows that most students have entered the industry workforce and 13% have gone on to graduate school. This is a significant drop of students actually going on to graduate school in comparison to their short term degree aspirations. This drop could be caused by several different factors including the community college student backgrounds. Community colleges host significantly more students that are first in their families to attend college, as well as many low income students. This could mean several things in terms of looking at their graduate school enrollment. First, these students may have families that they need to support. While they, in theory, should have to pay very little to attend graduate school through obtaining fellowships, GSIs, etc. this does not negate the fact that many of the TTE REU students need to also support their parents, siblings, spouses, and/or children. This need for obtaining a high paying job is likely to be causing students to delay in enrolling in a graduate degree. Another possibility for causing this drop could be that during the TTE REU they are immersed in a research program. However, when they transfer into the four year institution they are no longer linked directly to a lab or research group and must find their own research experiences. Perhaps sustained engagement in the research project they participated in during their TTE REU experience or another ongoing research project is necessary to continue their interest.
Implications
We are considering using the study results in several ways. For the students that transfer to the University of California, Berkeley, we have to opportunity to have continued close engagement with them. We are in the process of implementing an informal mentoring program so that past TTE REU students can help to guide the newer students, once they arrive on campus. Through this mentoring program, we hope that the students will have more resources on campus, and that they will be able more likely to be successful while at the school. Another goal of this program is to give the TTE REU staff the opportunity to continue engagement with them, and also serve as a continuous resource for the students. This will enable us to inform students of different research experiences on campus, with the goal of creating a sustained research experience that will lead to higher rates of graduate school attendance. If this program is successful, we will look to further expanding it to other campuses, so that we may reach students who have transferred outside of the University of California, Berkeley.
